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MODULATORS AND MODULATION OF THE INTERACTION 
BETWEEN RGM AND NEOGENIN 



CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims priority to United States application serial number 

60/392,062, filed June 26, 2002. 



TECHNICAL FIELD OF THE INVENTION 

This invention is related to the field of neuroscience and neurology. In particular » 
embodiments it is related to the area of axon guidance cues and their modulators, and 
neurological drug screening using repulsive guidance molecules and Neogenin. 

BACKGROUND OF THE INVENTION 

One of the most important mechanisms in formation of embryonic nervous systems is 
the guidance of axons and growth cones by directional guidance cues (Goodman, 
Annu. Rev. Neurosci. 19 (1996), 341-77; Mueller, Annu. Rev. Neurosci 22, (1999), 
351-88). A suitable model system for studying this guidance process is the 
retinotectal system of vertebrates. In the chick embryo approximately 2 million 
retinal ganglion cell (RGC) axons leave each eye and grow towards the contralateral 
tectum opticum to form a precise map (Mey & Thanos, (1992); J. Hirnforschung 
33,673-702). Having arrived at the anterior pole of the optic tectum, RGC axons start 
to invade their tectal target to find their target neurons. Mapping occurs in such a way 
that RGC axons from nasal retina project to posterior tectum and temporal axons to 
anterior tectum. Along the dorso- ventral axis, axons coming from dorsal retina 
terminate in ventral tectum, whereas those from ventral retina end up in dorsal tectum. 
Ultimately, a precise topographic map is formed, where neighborhood relationships in 
the retina are preserved in the tectum so that axons from neighboring ganglion cells in 
the retina synapse with neighboring tectal neurons. Most important for formation of 
this map are graded tectal guidance cues, read by retinal growth cones carrying 
corresponding receptors which also show a graded distribution (Sperry, Proc. Natl. 
Acad. Sci. USA 50 (1963), 703710; Bonhoeffer & Gierer, Trends Neurosci. 7 (1984) 
378-381). 
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Position of each retinal growth cone in the tectal field is therefore determined by two 
sets of gradients: receptor gradients on in-growing retinal axons and growth cones and 
ligand gradients on tectal cells (Gierer, Development 101 (1987), 479-489). The 
existence of the graded tectal ligands has been postulated from anatomical work. 
Their identification, however, proved to be extremely difficult and was only made 
possible with the development of simple in vitro systems (Walter ; Development 101 
(1987), 685-96; Cox, Neuron 4 (1990), 31-7). In the stripe assay, RGC axons grow 
on a membrane carpet, consisting of alternating lanes of anterior (a) and posterior (p) 
tectal membranes. On these carpets, temporal retinal axons grow on anterior tectal 
membranes and are repelled by the posterior lanes, whereas nasal axons do not 
distinguish between a and p membranes (Walter, Development 101 (1987), 685-96). 
The same specificity is also observed in the growth cone collapse assay (Raper & 
Kapfhammer, Neuron 4 (1990), 21-29) where temporal retinal growth cones collapse 
after addition of posterior tectal membrane vesicles but do not react to anterior tectal 
vesicles and where nasal growth cones are insensitive to either type of vesicles (Cox, 
(1990), loc. cit). In both assay systems, treatment of posterior tectal membranes with 
the enzyme phosphatidylinositol-specific phospholipase C (PI-PLC) (which cleaves 
the lipid anchor of glycosylphosphatidylinositol (GPI)-linked proteins) removed their 
repellent and collapse-inducing activity (Walter, J. Physiol 84 (1990), 104-10). 

One of the first repulsive guidance molecules identified in the retinotectal system of 
chick embryos was a GPI-anchored glycoprotein with a molecular weight of 33/35 
kDa (Stahl, Neuron 5 (1990), 735-43). This 33/35 kDa molecule, later termed RGM 
(Repulsive Guidance Molecule), was active in both stripe and collapse-assays and was 
shown to be expressed in a low-anterior high-posterior gradient in the embryonic tecta 
of chick and rat (Mueller, Curr. Biol. 6 (1996), 1497-502; Mueller, Japan Scientific 
Societies Press (1997), 215-229). Due to the abnormal biochemical behavior of 
RGM, the precise amino acid sequence was not easily obtainable. RGM was 
described as a molecule which is active during vertebrate development. Interestingly, 
RGM is downregulated in the embryonic chick tectum after E12 and in the embryonic 
rat tectum after P2 and completely disappears after the embryonic stages (Muller 
(1992), Ph. D thesis University of Tubbingen ; Muller (1997) Japan Scientific 
Societies, 215-229). In 1996, Muller (loc. cit.) showed that CALI (chromophore- 
assisted laser inactivation) of RGM eliminates the repulsive guidance activity of 
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posterior tectal membranes. However, due to the presence of other guidance 
molecules, in particular of RAGS (repulsive axon guidance signal) and ELF-1 (Eph 
ligand family 1), a complete elimination of guidance was not always detected and it 
was speculated that RGM acts in concert with RAGS (now termed ephrin-A5) and 
ELF-1 (ephrin-A2). It was furthermore envisaged that RGM may be a co-factor 
potentiating the activity of RAGS and ELF-1 in embryonic guidance events. 

In 1980/81 the group of Aguayo found that, when peripheral neurons are 
transplanted/grafted into injured CNS of adult, axon growth of CNS neurons is 
induced (David, Science 214 (1981), 931-933). Therefore, it was speculated that CNS 
neurons have still the ability and capacity of neurite-outgrowth and/or regeneration, if 
a suitable environment would be provided. Furthermore, it was speculated that 
"CNS-neuron regeneration inhibitors" may exist. 

In 1988, Caroni and Schwab (Neuron 1,85-96) described two inhibitors of 35 kDa and 
250 kDa, isolated from rat CNS myelin (NI-35 andNI-250 ; see also Schnell, Nature 
343 (1990) 269-272; Caroni, J. Cell Biol. 106 (1988), 1291-1288). 

In 2000, the DNA encoding for NI-220/250 was deduced and the corresponding 
potent inhibitor of neurite growth was termed Nogo-A (Chen, Nature 403 (2000), 
434-438). The membrane-bound Nogo turned out to be a member of the reticulon 
family (GrandPre, Nature 403 (2000), 439-444). 

Further factors which mediate neuronal outgrowth inhibition have first been isolated 
in grasshoppers, and termed "fasciclin IV" and later "collapsin" in chicken. These 
inhibitors belong to the so-called semaphorin family. Semaphorins have been 
reported in a wide range of species and described as transmembrane proteins (see, 
inter aha, Kolodkin Cell 75 (1993) 1389-99, Piischel, Neuron 14 (1995), 941-948). 
Yet, it was also shown that not all semaphorins have inhibitory activity. Some 
members of the family, e.g. semaphorin E, act as an attractive guidance signal for 
cortical axons (Bagnard, Development 125 (1998), 5043-5053). 

A further system of repulsive guidance molecules is the ephrin-Eph system. Ephrins 
are ligands of the Eph receptor kinases and are implicated as positional labels that 
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may guide the development of neural topographic maps (Flanagan, Ann , Rev. 
Neurosc. 21 (1998), 309-345). Ephrins are grouped in two classes, the A-ephrins 
which are linked to the membrane by a glycosylphosphatidylinositol-anchor 
(GPIanchor) and the B-ephrins carrying a transmembrane domain (Eph nomenclature 
committee 1997). Two members of the A-ephrins, ephrin-A2 and ephrin-A5, 
expressed in low anterior-high posterior gradients in the optic tectum, have recently 
been shown to be involved in repulsive guidance of retinal ganglion cell axons in vitro 
and in vivo (see, inter aha (Drescher, Cell 82 (1995), 359-70; Cheng, Cell 79 (1994), 
157-168; Feldheim, Neuron 21 (1998), 563-74; Feldheim, Neuron 25 (2000), 563-74). 
Considering the fact that a plurality of physiological disorders or injuries are related 
to altered cellular migration processes, the technical problems underlying the present 
invention was to provide for means and methods for modifying developmental or 
cellular (migration) processes which lead to disease conditions. 

The Ephrin, Semaphorin, Slit, and RGM families of extracellular guidance cues 
specify axonal trajectories during nervous system development 1 ' 3 . The netrins are a 
family of proteins that are profound modulators of growth of developing axons, 
fimctioning as attractants for some axons and repellents of other axons. As such, the 
modulation of these effects provides an important therapeutic pathway for assisting 
the regeneration of axons in adult nervous system (e.g. following injury or trauma). 
While neuronal receptors have been identified for most axonal guidance cues, the 
mechanism by which the recently sequenced RGM protein (WO 02/051438) acts has 
not been clarified 3 . As described in part above, chick RGM is expressed in a posterior 
to anterior tectal gradient and has been shown to collapse temporal but not nasal 
retinal growth cones 3 . After signal peptide cleavage and GPI addition, the cell surface 
RGM is proteolytically processed to a mature active form of 33 kDa 3 . 

The ability to construct high-throughput and specific pharmaceutical screens for 
modulators of guidance cues (such as RGM) has been limited by the lack of 
identifiable receptors. Identifying receptors on axons that mediate neural 
responsiveness to guidance cues will provide key targets for identifying lead 
pharmaceuticals for therapeutic intervention in the nervous system (see, for example, 
United States Patent Nos. 6,087,326 and 5,747,262). Accordingly, because RGM has 
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a demonstrated role in axon growth, it would be desirable to accurately identify the 
receptor through which RGM acts such that targeted screens could be conducted. 

Neogenin is known to share sequence similarity with the Netrin receptor Deleted in 
Colorectal Cancer (DCC). The sequence for the Neogenin gene has been described 
(for example, Keeling SL, Gad JM, Cooper HM. "Mouse Neogenin, a DCC-like 
molecule, has four splice variants and is expressed widely in the adult mouse and 
during embryogenesis Oncogene. 1997 Aug 7;15(6):691-700. GenBank 
NT_039474; NM_008684) and it has been previously theorized that it is an 
interaction with Netrin- 1 that is responsible for signaling through Neogenin. 
However, as described in detail herein, the present inventors have determined the true 
physiological ligand for Neogenin. 



SUMMARY OF THE INVENTION 

The invention identifies Neogenin as the receptor for Repulsive Guidance Molecule. 
Accordingly, the invention envisions the use of the previously described Neogenin 
and RGM molecules in combinations and methods which could not previously have 
been suggested. In particular, the invention allows for targeted screening assays and 
the development of inhibitors capable of specifically inhibiting the interaction 
between RGM and Neogenin. 

The invention provides efficient methods of identifying agents, compounds or lead 
compounds for agents capable of modulating Neogenin cellular function. Generally, 
these screening methods involve assaying for compounds which modulate 
mammalian Neogenin interaction with a natural mammalian RGM. A wide variety of 
assays for binding agents are provided including labeled in vitro protein-protein 
binding assays, immunoassays, cell based assays, animal based assay, etc. Preferred 
methods are amenable to automated, cost-effective high throughput screening of 
chemical libraries for lead compounds. Such libraries encompass candidate agents of 
numerous chemical classes, though typically they are organic compounds; preferably 
small organic compounds and are obtained from a wide variety of sources including 
libraries of synthetic or natural compounds. Identified agents find use in the 
pharmaceutical industries for animal and human trials; for example, the agents may be 
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derivatized and rescreened in in vitro and in vivo assays to optimize activity and 
minimize toxicity for pharmaceutical development. 

In vitro binding assays employ a mixture of components including mammalian 
Neogenin protein, which may be part of a fusion product with another peptide or 
polypeptide, e.g. a tag for detection or anchoring, etc. The assay mixtures comprise a 
natural extracellular mammalian Neogenin binding target, such as a RGM. While 
native binding targets may be used, it is frequently preferred to use portions (e.g. 
peptides) thereof so long as the portion provides binding affinity and avidity to the 
subject mammalian Neogenin protein conveniently measurable in the assay. The 
assay mixture also comprises a candidate pharmacological agent and typically, a 
variety of other reagents such as salts, buffers, neutral proteins, e.g. albumin, 
detergents, protease inhibitors, nuclease inhibitors, antimicrobial agents, etc. The 
mixture components can be added in any order that provides for the requisite bindings 
and incubations may be performed at any temperature which facilitates optimal 
binding. The mixture is then incubated under conditions whereby, but for the 
presence of the candidate pharmacological agent, the mammalian Neogenin protein 
specifically binds the cellular binding target, portion or analog with a reference 
binding affinity. Incubation periods are likewise selected for optimal binding but also 
minimized to facilitate rapid, high-throughput screening. 

After incubation, the agent-biased binding between the mammalian Neogenin protein 
and one or more binding targets is detected. A separation step is often initially used 
to separate bound from unbound components. Separation may be effected by 
precipitation (e.g. TCA precipitation, immunoprecipitation, etc.), immobilization (e.g 
on a solid substrate), etc., followed by washing by, for examples, membrane filtration, 
gel chromatography (e.g. gel filtration, affinity, etc.). One of the components usually 
comprises or is coupled to a label. The label may provide for direct detection such as 
radioactivity, luminescence, optical or electron density, etc. or indirect detection such 
as an epitope tag, an enzyme, etc. A variety of methods may be used to detect the 
label depending on the nature of the label and other assay components, e.g. through 
optical or electron density, radiative emissions, nonradiative energy transfers, etc. or 
indirectly detected with antibody conjugates, etc. A difference in the binding affinity 
of the mammalian Neogenin protein to the target in the absence of the agent as 
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compared with the binding affinity in the presence of the agent indicates that the agent 
modulates the binding of the mammalian Neogenin protein to the mammalian RGM. 
Analogously, in a cell-based transcription assay, a difference in the mammalian 
Neogenin transcriptional induction in the presence and absence of an agent indicates 
the agent modulates vertebrate such induced transcription. A difference, as used 
herein, is statistically significant and preferably represents at least a 50%, more 
preferably at least a 90% difference. 

The invention provides methods and compositions for identifying pharmacological 
agents useful in the diagnosis or treatment of neurological disease or injury, hi 
particular, the invention provides mixtures comprising an isolated (RGM) and an 
isolated Neogenin receptor capable of specifically binding said RGM. The general 
methods involve incubating a mixture comprising an isolated RGM, an isolated 
Neogenin receptor, and a candidate pharmacological agent, and determining if the 
presence of the agent modulates the binding of the RGM to the receptor. Specific 
agents provide lead compounds for pharmacological agents useful in the diagnosis or 
treatment of neurological disease or injury. 

It is an object of the present invention to provide a method of monitoring the 
interaction of a RGM and a Neogenin. 

Another object of the invention is to provide a method for monitoring the interaction 
between RGM and Neogenin so that agonists and antagonists can be identified. 

Another object of the invention is to provide a polypeptide useful for antagonizing the 
interaction between a RGM and a Neogenin receptor. 

Another object of the invention is to provide a polypeptide useful for antagonizing the 
interaction between RGM and Neogenin. 

These and other objects of the invention are achieved by one or more of the 
embodiments described below. In one embodiment a method of monitoring the 
interaction of a RGM and a Neogenin receptor is provided. The method comprises 
the steps of: 
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contacting a first protein comprising an RGM with a second protein which 
comprises Neogenin under conditions where a domain of the RGM binds to a domain 
of the Neogenin; 

determining the binding of the first protein to the second protein or second 
protein to the first protein. 

According to another aspect of the invention a method is provided for monitoring the 
interaction between a RGM and a Neogenin. The method comprises the steps of: 

contacting a fusion protein comprising an RGM domain with cells which 
express a Neogenin; 

detecting the fusion protein comprising the RGM domain which binds to the 

cells. 

As another aspect of the invention a method is provided for monitoring the interaction 
between a RGM and Neogenin. The method comprises the steps of: 

contacting a protein comprising a RGM domain with cells which express a 
polypeptide comprising Neogenin; 

detecting the protein comprising the RGM domain which binds to the cells. 

As still another aspect of the invention a polypeptide portion of Neogenin useful for 
antagonizing the interaction between RGM and Neogenin is provided. 

According to still another aspect of the invention a method of monitoring the 
interaction between a RGM and Neogenin is provided. The method comprises the 
steps of: 

co-culturing in a matrix (a) embryonic nerve cells with (b) cells which have 
been transfected with an expression construct encoding a RGM and which express the 
Neogenin; 

adding to the cells an inhibitor of binding of the RGM and Neogenin; 
determining the axon outgrowth adjacent to the cells which express the RGM in 
the presence and absence of inhibitor. 

As another aspect of the invention a method is provided for monitoring the interaction 
between a RGM and Neogenin. The method comprises the steps of: 



8 



WO 2004/003150 PCT/US2003/020147 

culturing embryonic nerve cells under conditions in which they display growth 
cones; 

contacting the embryonic nerve cells with a RGM and an anti-Neogenin 
antibody; 

observing the effect of the antibody on the collapse of the growth cones. 

Yet another aspect of the invention is provided by an antibody preparation which 
specifically binds to a Neogenin protein. 

Yet another aspect of the invention is provided by an antibody specifically targeted to 
domain(s) involved in the interaction between Neogenin and RGM. In a particular 
embodiment, such antibodies would be directed towards the FNin domain(s) of 
Neogenin. 

Yet another aspect of the invention is provided by an antibody preparation which 
specifically binds to a RGM protein. 

RGM is processed proteolytically, and the active domain extends carboxyl from the 
cut site to the GPI anchorage site. This same region appear to mediate Neogenin 
binding. Accordingly, antibodies directed to domains within this region would be one 
aspect of the invention. 

Yet another aspect of the invention is provided by a nucleic acid capable of inhibiting 
the expression of an RGM protein or a Neogenin protein. 

The medical applications of such compounds, their agonists, and their antagonists are 
enormous and include preventing, alleviating or treating various disorders of the 
nervous system, angiogenic disorders or disorders of the cardio-vascular system and 
malignancies of different etiology. 
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Figure 1 . Neogenin is a high affinity binding site for RGM. 

(A) Purified recombinant RGM-AP is avoided by temporal axons in a stripe assay. 

(B) The binding of chick RGM-AP to COS-7 cells expressing mouse Neogenin is 
illustrated. The bound protein is detected as dark reaction product on the right. 

(C) Saturation of RGM-AP to COS-7 expressing Neogenin. Bound AP activity was 
determined for each of the indicated concentrations of RGM-AP. The data are the 
average + sem of 6 independent determinations. 

(D) Scatchard analysis of RGM-AP binding to Neogenin expressing cells. Data from 
(C) are replotted. The Kd is 230 pM. 

(E) Mouse RGM-A-AP and RGM-B-AP also bind to Neogenin. 

Figure 2. Physical complex containing RGM and Neogenin. 

(A) Co-immunoprecipitation of RGM and Neogenin. HEK293T cells were 
transfected with plasmids encoding the indicated proteins and immunoprecipitated 
with anti-Myc antibody resin. The presence of Neogenin protein in the lysates and 
the immunoprecipitate is illustrated. 

(B) RGM affinity chromatography of adult mouse brain. Adult mouse brain 
membrane fractions were extracted with 2% TritonX-100 and solubilized protein was 
incubated with or without chick RGM-AP-Myc-His. Protein retained by an anti-Myc 
antibody resin was analyzed by anti-Neogenin immunoblot. 

Figure 3. Specificity of Neogenin interaction with RGM. 

(A) RGM-AP binding to COS-7 cells transfected with expression plasmids encoding 
various Netrin-1 binding proteins. 

(B) RGM-AP binds to the FNIII repeats of Neogenin. RGM-AP binding to COS-7 
expressing the indicated fragments of Neogenin is illustrated. 
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(C) Netrin-1 does not alter the binding of RGM-AP to Neogenin. The ability of chick 
RGM-AP to bind to COS-7 cells expressing wild type mouse Neogenin was assessed 
in the presence or absence of conditioned medium containing Netrin-1 -Myc (100 
nM). 



Figure 4. Dominant negative Neogenin- 1 blocks retinotectal axonal preferences. 

(A) Retinal ganglion cell axon preference for anterior tectal membranes. Outgrowth 
from explants from the temporal or nasal chick retina (green) is illustrated on stripes 
consisting of anterior (black) or posterior (red) tectal membranes. 

(B) Retinotectal stripe assay in the presence of soluble ectodomain of Neogenin-1. A. 
preference of temporal axons for anterior membranes observed in (A) is greatly 
reduced. 

(C) Stripe preference as a function of soluble Neogenin ectodomain concentration. 
Data from 4-16 experiments such as in (A) and (B) were scored for the extend of 
preference of temporal retinal axons for Anterior versus Posterior stripes (AP) or 
Anterior versus Anterior stripes (AA). A rating of 2 reflects a complete segregation of 
axons to the anterior stripes, a rating of 1 reflects still a preference for anterior stripes 
without complete segregation and 0 is no preference 10,11 . 

(D) Binding specificity of the RGM/Neogenin and ephrinA/EphA pairs. COS-7 cells 
were transfected with expression plasmids for Neogenin-1 or EphA3 and then 
incubated with medium containing Ephrin-A2-Fc, Ephrin-A5-Fc or RGM-AP. Note 
the specificity of binding. Bound Fc has detected with HRP-conjugated anti-human 
IgG. 



Figure 5. Amino acid sequence of Neogenin. 

Figure 6. Nucleotide sequence of Neogenin. 

(A) Nucleotides 1-3480. 

(B) Nucleotides 3481-5199. 
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DETAILED DESCRIPTION 

To search for high affinity RGM binding sites in brain, a fusion protein of chick RGM 
truncated amino terminal to the GPI site was fused to human placental alkaline 
phosphatase (AP) to express a soluble, carboxy-terminally MycHis tagged secreted 
protein. When expressed in HEK293 cells, the cRGM-AP fusion protein was 
processed proteolytically to yield a 1 10 kDa fusion protein (data not shown). This 
material retained biological activity as demonstrated by the avoidance of cRGM-AP 
stripes by temporal retinal ganglion cell axons (Fig. 1 A). 

The cRGM-AP fusion protein does not bind to COS-7 kidney-derived cells, so we 
expressed an adult mouse brain cDNA expression library in these cells and screened 
for clones driving expression of cell surface binding activity. Only a single clone was 
identified in screens of 480,000 independent clones. This cDNA clone expressed a 
saturable binding site for cRGM-AP with a Kd of 230 pM (Fig. 1B-D). DNA 
sequence analysis revealed that the high affinity RGM-AP binding protein was 
Neogenin. In the mouse genome there are three RGM-related sequences, that we 
have termed mRGM-A, mRGM-B and mRGM-C. The three mouse RGM sequences 
share 41-49% aa identity and 55-61% aa similarity with one another. Chick RGM 
shares the highest level of identity with mRGM-A at 80% aa identity and 84% aa 
similarity. Both RGM-A and RGM-B are expressed in many regions of the 
developing mouse brain, so we tested if AP fusion proteins of these also bind to 
Neogenin. Both mRGM-A and mRGM-B bind mNeogenin with high affinity (Fig. 
IE). 

To verify that the RGM interaction with Neogenin was due to their participation in a 
physical complex, RGM and Neogenin were co-expressed in HEK293T cells and 
analyzed by co-immunoprecipitation. RGM precipitates contained detectable 
Neogenin but control immunoprcipitates did not (Fig. 2A). More relevant for in vivo 
activity, affinity chromatography using the RGM-AP protein isolated Neogenin 
protein from adult mouse brain tissue (Fig.2B). 

The RGM interaction with Neogenin raises several issues of specificity since 
Neogenin has been described previously as a Netrin binding protein 4 . RGM and 
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Netrin-1 show no significant sequence similarity 3 . It should be noted that the reported 
Netrin binding affinity to Neogenin (~2nM)is an order of magnitude less than the 
RGM affinity (230pM). We considered whether RGM-AP binds to other known 
Netrin receptors. DCC is most closely related to Neogenin in sequence and the two 
proteins are reported to have similar affinities for Netrins. Functional studies have 
demonstrated a role for DCC in mediating axonal guidance by Netrins 6,7 , but the role 
of Neogenin in mediating axonal responses to Netrins have not been documented. 
DCC has no detectable affinity for RGM-AP, any affinity must be at least 50 fold less 
than for Neogenin (Fig. 3 A). Unc5 proteins can bind Netrin-1 independently of DCC, 
and serve as obligate co-receptors together with DCC in axon repulsion by Netrins 8 . 
However, neither Unc5Hl nor Unc5H3 proteins bind RGM-AP (Fig. 3 A). Netrin-1 is 
known to bind to the FNm region of DCC, rather than the Ig domains 9 . Similarly, 
full RGM binding affinity is obtained with a truncated Neogenin containing only the 
FNm repeats (Fig. 3B). This raises the possibility that RGM and Netrin bind to 
similar regions of Neogenin. However, the addition of excess Netrin-1 did not appear 
to alter RGM-AP binding to Neogenin (Fig. 3C). While functional interactions 
between Netrin and RGM might exist, the two protein do not appear to compete for 
binding to a single site on Neogenin. 

To assess the role of Neogenin binding in RGM signalling in retinal ganglion axons, 
we purified the soluble recombinant ectodomain of Neogenin via a His tag, and tested 
its function-blocking capability. To the extent that RGM-Neogenin signalling 
contributes to retinotectal targeting, the soluble Neogenin ectodomain should disrupt 
the temporal retinal preference for anterior versus posterior tectal membranes in a 
stripe assay. The preference of temporal but not nasal retinal ganglion cell axons is 
obvious in the stripe assay under control conditions (Fig. 4A, C), as reported 
previously 10,11 . In the presence of soluble Neogenin the preference of temporal axons 
for anterior tectal stripes is lost (Fig. 4B). Blockade of retinal axon stripe preference 
is dose-dependent, with essentially complete blockade at 400 nM soluble Neogenin 
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ectodomain (Fig. 4C). The tectum contains an anterior-to-posterior both RGM and 
ephrin A2/A5 guidance cues 3,5 . To ensure that soluble Neogenin ectodomain was 
selectively blocking RGM function, and not ephrin function, we tested the ligand 
binding specificity of these systems (Fig. 4D). It is clear that ephrinA2/5 bind to 
EphA3 but not Neogenin and that RGM binds to Neogenin but not EphA3. Thus, the 
blockade of stripe preference by soluble Neogenin demonstrates a crucial role for 
RGM/Neogenin signalling in determining retinotectal axon guidance in vitro. 

RGMs form high affinity complexes with Neogenin and Neogenin/RGM complexes 
play a significant role in retinotectal guidance systems. Since the Neogenin-related 
DCC functions as an axonal guidance receptor for Netrin-1, there is precedence for 
this family of receptor proteins mediating axonal guidance in vivo 6,7 . The interaction 
of RGM with Neogenin is of higher affinity than Netrin-1 's interaction with 
Neogenin, and is specific amongst Netrin-binding proteins. Thus Neogenin's primary 
role in nervous system development is as a RGM receptor, with DCC serving as the 
primary Netrin receptor. It is of interest that both Neogenin and RGM (data not 
shown) are highly expressed in adult nervous system and in the injured nervous 
system, thus implicating them in adult neural regeneration. For example, RGM is 
localized at very high concentrations in brains at the lesion site in humans suffering 
form traumatic brain injury or from cerebral ischemia. From approximately 1-7 days 
post injury or post cerebral ischemia, monocytes, lymphocytes, granulocytes and a 
few neurons express RGM. In subsequent stages, RGM is present on fibroblast-like 
cells, on reactive astrocytes and in fresh and mature scar tissue which forms at the 
lesion site. 

The invention provides methods and compositions for identifying pharmacological 
agents useful in the diagnosis or treatment of mammalian, particularly human, 
neurological disease or injury. The methods rely on monitoring the interaction of a 
mammalian, particularly human, RGM and a corresponding Neogenin in the presence 
and absence of a candidate agent. A wide variety of assays can be used, including 
receptor activation assays and binding assays. Binding assays may monitor RGM 
binding to a domain of or a full-length receptor expressed on a cell, or in vitro 
protein-protein binding of a RGM to a full length or truncated receptor. In some 
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embodiments, such in vitro screens involve the immobilization of one of the binding 
partners on a solid substrate. 

Typically, these assays involve a mixture comprising an isolated RGM and an isolated 
Neogenin capable of specifically binding said RGM. We have demonstrated that 
these mammalian gene products function as natural mammalian, and in particular, 
human, ligand-receptor complex. The general methods comprise the steps of: (1) 
forming a mixture comprising an isolated RGM, an isolated negoenin-1 receptor, and 
a candidate pharmacological agent; (2) incubating said mixture under conditions 
whereby, but for the presence of said candidate pharmacological agent, said RGM 
specifically binds said Neogenin at a first binding affinity; and (3) detecting a second 
binding affinity of said RGM to said Neogenin, wherein a difference between said 
first and second binding affinity indicates that said candidate pharmacological agent is 
a lead compound for a pharmacological agent useful in the diagnosis or treatment of 
neurological disease or injury. 

The term "modulator" as employed herein relates to "inhibitors" as well as 
"activators" of RGM or Neogenin function. Most preferably said "modulation" is an 
inhibition, wherein said inhibition may be a partial or a complete inhibition. An 
inhibitor of RGM, for example, need not bind RGM but might inhibit RGM by 
interacting with Neogenin and inhibiting the RGM/Neogenin interaction. In addition, 
the inhibitor could inhibit RGM by inhibiting transcription, translation or processing 
(pre or post-translational) of RGM. Similarly, a modulator may mimic RGM function 
through binding to Neogenin without sharing homology to RGM. 

The term, RGM amino acid sequence relates to the RGM polypeptides disclosed in 
WO 02/051438 (to which the following SEQ ID Nos. refer). In particular, SEQ ID 
NOs: 20 and 21 depict human RGM1. Human RGM1 has been localized on 
chromosome 15. Further, human RGMs comprise RGM2 and RGM3. RGM2 is 
depicted in SEQ ID NO: 23 (amino acid sequence) and is encoded by a nucleotide 
sequence as shown in SEQ ID NO: 22. Human RGM2 has been localized on 
chromosome 5. Furthermore, human RGM3 is shown in appended SEQ ID NO: 25 
(amino acid sequence) and encoded by a nucleotide sequence as depicted in SEQ ID 
NO: 24. Human RGM3 is located on chromosome 1. Yet, as will be discussed herein 
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below, said term relates also to further RGM homologues. 

The term " (poly) peptide" means, in accordance with the present invention, a peptide, 
a protein, or a (poly) peptide which encompasses amino acid chains of a given length, 
wherein the amino acid residues are linked by covalent peptide bonds. However, 
peptidomimetics of such RGM proteins/(poly) peptides or Neogenin 
proteins/(poly)peptides wherein amino acid (s) and/or peptide bond (s) have been 
replaced by functional analogs are also encompassed by the invention. 

The present invention is not restricted to uses of RGM and Neogenin from human, 
mouse or chicken and its inhibitors but also relates to the use of inhibitors of RGM 
and Neogenin or of RGM and Neogenin itself (or functional fragments or derivatives 
thereof) from other species. Since the present invention provides for the use of amino 
acid sequences/polypeptides of RGM and Neogenin and their corresponding 
inhibitors and since the amino acid sequences of human and chicken RGM and 
Neogenin have been disclosed, the person skilled in the art is provided with the 
information to obtain RGM and Neogenin sequences from other species, like, inter 
aha, mouse, rat, pig, etc. The relevant methods are known in the art and may be 
carried out by standard methods, employing, inter alia, degenerate and non degenerate 
primers in PCR-techniques. 

Basic molecular biology methods are well known in the art and, e.g., described in 
Sambrook (Molecular Cloning ; A Laboratory Manual, 2nd Edition, Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, NY (1989)) and Ausubel, "Current 
Protocols in Molecular Biology", Green Publishing Associates; and Wiley 
Interscience, N. Y. (1989). 

Furthermore, as employed in the context of the present invention, the terms "RGM", 
"RGM modulator", <c RGM-inhibitor", "Neogenin", "Neogenin modulator" and 
"Neogenin inhibitor" also relate to RGM and Neogenin molecules (and their 
corresponding inhibitors) which are variants or homologs of the RGM and Neogenin 
molecules (and their inhibitors) as described herein. "Homology"in this context is 
understood to refer in this context to a sequence identity of RGM and Neogenin of at 
least 70%, preferably more than 80% and still more preferably more than 90% on the 
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amino acid level. The present invention, however, comprises also (polypeptides 
deviating from wildtype amino acid sequences of human or chicken RGM and 
Neogenin, wherein said deviation may be, for example, the result of amino acid 
and/or nucleotide substitution(s), deletion(s), addition(s), insertion(s), duplication(s), 
inversions) and/or recombination(s) either alone or in combination. Those deviations 
may naturally occur or be produced via recombinant DNA techniques well known in 
the art. The term "variation" as employed herein also comprises "allelic variants". 
These allelic variations may be naturally occurring allelic variants, splice variants as 
well as synthetically produced or genetically engineered variants. 

Figures 5 and 6 present the amino acid sequence and nucleotide sequence, 
respectively, for Neogenin. For the purposes of this application, reference to 
"wildtype" Neogenin refers to this sequence although, as described herein, significant 
modifications of this sequence will not depart from the spirit of the invention. To the 
extent that allelic or other differences occur among Neogenin genes, these differences 
may be used to create specific probes or antibodies. 

The term "polynucleotide" in accordance with the present invention comprises coding 
and, wherever applicable, non-coding sequences (like promotors, enhancers etc.). It 
comprises DNA, RNA as well as PNA. In accordance with the present invention, the 
term "polynucleotide/nucleic acid molecule" comprises also any feasible derivative of 
a nucleic acid to which a nucleic acid probe may hybridize. Said nucleic acid probe 
itself may be a derivative of a nucleic acid molecule capable of hybridizing to said 
nucleic acid molecule or said derivative thereof. The term "nucleic acid molecule" 
further comprises peptide nucleic acids (PNAs) containing DNA analogs with amide 
backbone linkages (Nielsen, Science 254 (1991), 1497-1500). The term "nucleic acid 
molecule" which encodes a RGM (poly) peptide or a functional fragment/derivative 
thereof, in connection with the present invention, is defined either by (a) the specific 
nucleic acid sequences encoding said (poly) peptide specified in the present invention 
or (b) by nucleic acid sequences hybridizing under stringent conditions to the 
complementary strand of the nucleotide sequences of (a) and encoding a (poly) 
peptide deviating from the nucleic acid of (a) by one or more nucleotide substitutions, 
deletions, additions or inversions and wherein the nucleotide sequence shows at least 
70%, more preferably at least 80% identity with the nucleotide sequence of said 
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encoded RGM and Neogenin (polypeptides having an amino acid sequence as 
defined herein and functions as a RGM or Neogenin (or a functional 
fragment/derivative thereof) as the case may be. 

The term "modulator" as employed herein also comprises the term "inhibitor", as 
mentioned herein above. The term comprises "modulators" of the RGM and 
Neogenin polypeptides and/or the RGM and Neogenin encoding nucleic acid 
molecule/genes. In context of this invention it is also envisaged that said 
"modulation" may lead, when desired, to an activation of RGM and/or Neogenin. 

The term "functional fragment or derivative thereof in context of the present 
invention and in relation to the RGM and Neogenin molecules comprises fragments of 
the RGM and Neogenin molecules defined herein having a length of at least 10, in 
another embodiment 25, in another embodiment at least 50, in another embodiment at 
least 75, and in another embodiment at least 100 amino acids depending on the 
application as would be known to one of skill in the art. 

Functional fragments of the herein identified RGM and Neogenin molecules or RGM 
and Neogenin molecules of other species (homologous RGM and Neogenin) may be 
comprised in fusion and/or chimeric proteins. "Functional fragments" comprise RGM 
or Neogenin fragments (or their encoding nucleic acid molecules) which are able to 
replace RGM or Neogenin full length molecules in corresponding assays (as disclosed 
in, e. g. collapse and/or stripe assays) or may elucidate an anti-RGM or anti-Neogenin 
specific immune-response and/or lead to specific anti-RGM or anti-Neogenin 
antibodies. An example of such a "functional fragment" would be a fragment of 
RGM capable of binding Neogenin. In context of the present invention, 
polynucleotides encoding functional fragments of RGM or Neogenin and/or their 
derivatives have at least 15, in another embodiment at least 30, in another 
embodiment at least 90, in another embodiment at least 150, and in another 
embodiment at least 300 nucleotides depending on the application as would be known 
to one of skill in the art. 

The term "derivative" means in context of their invention derivatives of RGM and 
Neogenin molecules and/or their encoding nucleic acid molecules and refer to natural 
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derivatives (like allelic variants) as well as recombinantly produced 
derivatives/variants which may differ from RGM or Neogenin molecules by at least 
one modification/mutation, e. g. at least one deletion, substitution, addition, inversion 
or duplication. The term "derivative" also comprises chemical modifications. The 
term "derivative" as employed herein in context of the RGM and Neogenin molecule 
also comprises soluble RGM and Neogenin molecules which do not comprise any 
membrane anchorage. 

As mentioned herein above, the present invention provides for the use of a modulator, 
preferably an inhibitor, of RGM molecules and/or their corresponding encoding 
polynucleotides/nucleic acid molecules for the preparation of a pharmaceutical 
composition for preventing, alleviating or treating various disorders of the nervous 
system, angiogenic disorders or disorders of the cardio- vascular system and 
malignancies of different etiology. 

In a preferred embodiment, said disorders of the nervous system comprise 
degeneration or injury of vertebrate nervous tissue, in particular neurodegenerative 
diseases, nerve fiber injuries and disorders related to nerve fiber losses. 

Said neurodegenerative diseases may be selected from the group consisting of 
motorneuronal diseases (MND), amyotrophic lateral sclerosis (ALS), Alzheimer 
disease, Parkinsons disease, progressive bulbar palsy, progressive muscular atrophy, 
HIV-related dementia and spinal muscular atrophy (ies), Down's Syndrome, 
Huntington's Disease, Creutzfeldt- Jacob Disease, Gerstmann-Straeussler Syndrome, 
kuru, Scrapie, transmissible mink encephalopathy, other unknown prion diseases, 
multiple system atrophy, Riley-Day familial dysautonomia said nerve fiber injuries 
may be selected from the group consisting of spinal cord injury (ies), brain injuries 
related to raised intracranial pressure, trauma, secondary damage due to increased 
intracranial pressure, infection, infarction, exposure to toxic agents, malignancy and 
paraneoplastic syndromes and wherein said disorders related to nerve fiber losses may 
be selected from the group consisting of paresis of nervus facials, nervus medianus, 
nervus ulnaris, nervus axillaris, nervus thoracicus longus, nervus radialis and for of 
other peripheral nerves, and other aquired and non-aquired deseases of the (human) 



19 



WO 2004/003150 

central and peripheral nervous system. 



PCT7US2003/020147 



The above mentioned spinal cord and brain injuries not only comprise traumatic 
injuries but also relate to injuries caused by stroke, ischemia and the like. It is in 
particular envisaged that the inhibitors as defined herein below and comprising, inter 
alia, anti-RGM antibodies be employed in the medical art to stimulate nerve fiber 
growth in individuals, in particular in vertebrates, most preferably in humans. 

In a more preferred embodiment of the present invention, the invention provides for 
the use of a modulator, preferably an inhibitor to RGM (or a functional fragment or 
derivative thereof) for the preparation of a pharmaceutical composition for the 
treatment of disorders of the cardio- vascular system, wherein these disorders, e. g., 
comprise disorders of the blood-brain barrier, brain oedema, secondary brain damages 
due to increased intracranial pressure, infection, infarction, ischemia, hypoxia, 
hypoglycemia, exposure to toxic agents, malignancy, paraneoplastic syndromes. 

It is envisaged, without being bound by theory, that RGM inhibitors may stimulate or 
allow surviving neurons to project collateral fibers into the diseased tissue, e. g. the 
ischemic tissue. 

RGM is expressed locally at the side of artificial transection of brain/spinal cord 
tissue in test animals (like rats), e. g., in the penumbra region surrounding an ischemic 
core of a human suffering focal ischemia in the temporal cortex. Furthermore, it is 
documented in the that RGM is, surprisingly, expressed in tissue(s) affected by 
traumatic brain injuries. The invention also relates to the use of a RGM polypeptide 
or a functional fragment or derivative thereof or the use of a polynucleotide encoding 
the same (polypeptides and polynucleotides as defined herein), wherein the above 
described disease or condition associated with seizures is epilepsy. An epilepsy is 
thereby characterized by an epileptic seizure as a convulsion or transient abnormal 
event experienced by the subject, e. g. a human patient, due to a paroxysmal discharge 
of (cerebral) neurons. The epileptic seizures comprise tonic seizures, tonic-clonic 
seizures (grand mal), myoclonic seizures, absence seizures as well as akinetic 
seizures. Yet, also comprised are in context of this invention simple partial seizures, 
e. g. Jacksonian seizures and seizures due to perinatal trauma and/or fetal anoxia. As 
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mentioned herein below, the uses described herein relate in particular to the 
preparation of pharmaceutical compositions for the treatment of diseases/conditions 
associated with aberrant sprouting of nerve fibers, like epilepsy; see also Routbort, 
Neuroscience 94 (1999), 755-765. 

In a even more preferred embodiment of the invention, the modulator, preferably the 
inhibitor of RGM (or of its functional fragment or derivative thereof or of its encoding 
nucleic acid molecule) is used for the preparation of a pharmaceutical composition for 
the modification of neovascularization. Said modification may comprise activation as 
well as stimulation. It is in particular envisaged that said neovascularisation be 
stimulated and/or activated in diseased tissue, like inter alia, ischemic and/or 
infarctious tissue. Furthermore, it is envisaged that the RGM-inhibitors described 
herein may be employed in the regulation of the blood-brain barrier permeability. 

It is furthermore envisaged that said modulators, preferably said inhibitors for RGM 
be employed in the alleviation, prevention and/or inhibition of progression of vascular 
plaque formation (e. g. artherosclerosis) in cardio-vascular, cerebo-vascular and/or 
nephrovascular diseases/disorders. 

Furthermore, the present invention provides for the use of a modulator, preferably an 
inhibitor of RGM as defined herein for the preparation of a pharmaceutical 
composition for remyelination. Therefore, the present invention provides for a 
pharmaceutical composition for the treatment of demyelinating diseases of the CNS, 
like multiple sclerosis or of demyelinating diseases like peripheral neuropathy caused 
by diphteria toxin, Landry-Guillain-Barre-Syndrom, Elsberg-Syndrom, Charcot- 
Marie-Tooth disease and other polyneuropatias. A particular preferred inhibitor of 
RGM in this context is an antibody directed against RGM, e.g. an IgM antibody. It 
has previously be shown that certain IgMs bind to oligodendrocytes and thereby 
induce remyelination. IgM antibodies against RGM are known in the art and comprise 
e.g. the F3D4 described in the appended examples. 

In addition the invention provides for the use of a RGM polypeptide as defined herein 
or of a functional fragment or derivative thereof or of a polynucleotide encoding said 
polypeptide or fragment or derivative for the preparation of a pharmaceutical 
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composition for preventing, alleviating or treating diseases or conditions associated 
with the activity of autoreactive immune cells or with overactive inflammatory cells. 

Most preferably these cells are T-cells. 

Furthermore, the present invention relates to the use of a modulator, preferably an 
inhibitor or another RGM binding molecule of a RGM polypeptide or of a functional 
fragment or derivative thereof or of a polynucleotide encoding said polypeptide or of 
fragment/derivative thereof for modifying and/or altering the differentiation status of 
neuronal stem cells and/or their progenitors. Said stem cells are normally found in the 
subventricular zones of many brain regions. It is known that factors in the 
microenvironment of the brain dramatically influence the differentiation of 
undifferentiated stem cells. It is assumed that due to the characteristic expression of 
RGM in the subventricular layers of many different brain regions, this molecule could 
be a marker for stem cells. Furthermore, RGM inhibitors, like antibodies could be 
useful markers for stem cells. Most important in stem cell biology is the 
understanding of factors influencing their differentiation. It is therefore assumed that 
RGM inhibitors change the developmental fate of these cells. 

RGM is not only expressed in ischemic tissue but is also expressed in scar tissue 
surrounding (brain) lesions. 

It is particularly preferred that the modulator, preferably the inhibitor of the RGM 
molecule (or its functional fragment or derivative) is an antibody or a fragment or a 
derivative thereof, is an aptamer, is a specific receptor molecule capable of interacting 
with a RGM polypeptide or with a functional fragment or derivative thereof, or is a 
specific nucleic acid molecule interacting with a polynucleotide encoding an RGM 
and/or the polypeptide. 

The antibody to be used in context of the present invention can be, for example, 
polyclonal or monoclonal antibodies. Techniques for the production of antibodies are 
well known in the art and described, e. g. in Harlow and Lane "Antibodies, A 
Laboratory Manual", CSH Press, Cold Spring Harbor, 1988. The production of 
specific anti-RGM antibodies is further known in the art (see, e. g. Mutter (1996) loc. 
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The term "antibody" as employed herein also comprises chimeric, single chain and 
humanized antibodies, as well as antibody fragments, like, inter alia, Fab fragments. 

Antibody fragments or derivatives further comprise F(ab ! )2, Fv or scFv fragments; 
see, for example, Harlow and Lane, loc. cit.. Various procedures are known in the art 
and may be used for the production of such antibodies and/or fragments, see also 
appended examples. Thus, the (antibody) derivatives can be produced by 
peptidomimetics. Further, techniques described for the production of single chain 
antibodies (see, inter alia, US Patent 4,946,778) can be adapted to produce single 
chain antibodies to polypeptide (s) of this invention. Also, transgenic animals may be 
used to express humanized antibodies to polypeptides of this invention. Most 
preferably, the antibody to be used in the invention is a monoclonal antibody, for 
example the F3D4 antibody described in the appended examples may be employed 
when an IgM is desired. The general methodology for producing, monoclonal 
antibodies is well-known and has been described in, for example, Kohler and 
Milstein, Nature 256 (1975), 494-496 and reviewed in J. G. R. Hurrel, 
ed.,"Monoclonal Hybridoma Antibodies: Techniques and Applications", CRC Press 
Inc., Boco Raron, FL (1982), as well as that taught by L. T. Minims et al., Virology 
176 (1990), 604-619. 

Preferably, said antibodies (or inhibitors) are directed against functional fragments of 
the RGM polypeptide. As pointed out herein above and as documented in the 
appended examples, such functional fragments are easily deducible for the person 
skilled in the art and, correspondingly, relevant antibodies (or other inhibitors) may be 
produced. 

The "modulator", preferably the "inhibitor" as defined herein may also be an aptamer. 

In the context of the present invention, the term "aptamer" comprises nucleic acids 
such as RNA, ssDNA (ss=single stranded), modified RNA, modified ssDNA or PNAs 
which bind a plurality of target sequences having a high specificity and affinity. 
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Aptamers are well known in the art and, inter alia, described in Famulok, Curr. Op. 
Chem. BioL 2 (1998), 320-327. The preparation of aptamers is well known in the art 
and may involve, inter aha, the use of combinatorial RNA libraries to identify binding 
sites (Gold, Ann. Rev. Biochem. 64 (1995), 763-797). Said other receptors may, for 
example, be derived from said antibody etc. by peptidomimetics. 

Other specific "receptor" molecules which may function as inhibitors of the RGM 
polypeptides are also comprised in this invention. Said specific receptors may be 
deduced by methods known in the art and comprise binding assays and/or interaction 
assays. These may, inter alia, involve assays in the ELISA-format or FRET-format. 

Said "inhibitor" may also comprise specific peptides binding to and/or interfering 
with RGM. 

Furthermore, the above recited "modulator", preferably "inhibitor" may function at 
the level of RGM gene expression. Therefore, the inhibitor maybe a (specific) 
nucleic acid molecule interacting with a polynucleotide encoding a RGM molecule 
(or a functional fragment or derivative thereof.) These inhibitors may, e. g., comprise 
antisense nucleic acid molecules, small inhibitory RNAs (siRNAs) or ribozymes. 

The nucleic acid molecule encoding RGM or Neogenin may be employed to construct 
appropriate anti-sense oligonucleotides or siRNA molecules. 

Said anti-sense oligonucleotides are able to inhibit the function of wild-type (or 
mutant) RGM and Neogenin genes and comprise, for example, at least 15 nucleotides, 
at least 20 nucleotides, at least 30 nucleotides or at least 40 nucleotides. 

In addition, ribozyme approaches are also envisaged for use in this invention. 

Ribozymes may specifically cleave the nucleic acid molecule encoding RGM or 
Neogenin. 

In the context of the present invention ribozymes comprise, inter aha, hammerhead 
ribozymes, hammerhead ribozymes with altered core sequences or deoxyribozymes 
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(see, e. g., Santoro, Proc. Natl. Acad. Sci. USA 94 (1997), 4262) and may comprise 
natural and in vitro selected and/or synthesized ribozymes. 

Nucleic acid molecules according to the present invention which are complementary 
to nucleic acid molecules coding for proteins/ (poly) peptides regulating, causing or 
contributing to obesity and/or encoding a mammalian (poly) peptide involved in the 
regulation of body weight (see herein below) may be used for the construction of 
appropriate ribozymes (see, e. g., EP-B1 0 291 533, EP-Al 0 321 201, EP-A2 0 360 
257) which specifically cleave nucleic acid molecules of the invention. Selection of 
the appropriate target sites and corresponding ribozymes can be done as described for 
example in Steinecke, Ribozymes, Methods in Cell Biology 50, Galbraith, eds. 
Academic Press, Inc. (1995), 449-460. 

Said "inhibitor" may also comprise double-stranded RNAs, which lead to RNA 
mediated gene interference (see Sharp, Genes and Dev. 13 (1999), 139-141). Further 
potential inhibitors of RGM or Neogenin may be found and/or deduced by interaction 
assay and employing corresponding read-out systems. These are known in the art and 
comprise, inter alia, two hybrid screenings (as, described, inter alia, in EP-0 963 376, 
WO 98/25947, WO 00/0291 1), GST-pull-down columns, co-precipitation assays from 
cell extracts as described, inter alia, in Kasus-Jacobi, Oncogene 19 (2000), 20522059, 
"interaction-trap" systems (as described, inter alia, in US 6,004,746), expression 
cloning (e. g. lambda gtll), phage display (as described, inter aha, in US 5,541,109), in 
vitro binding assays and the like. Further interaction assay methods and 
corresponding read out systems are, inter aha, described in US 5,525,490, WO 
99/51741, WO 00/17221, WO 00/14271 or WO 00/05410. 

In yet another embodiment, the present invention provides for the use of the RGM 
amino acid sequence or of a functional fragment or derivative thereof or of a 
polynucleotide encoding said polypeptide or fragment or derivative for the 
preparation of a pharmaceutical composition for preventing or treating tumor growth 
or formation of tumor metastases. 

RGM (naturally isolated or recombinantly produced) and/or functional fragments 
thereof may be employed for the preparation of a pharmaceutical composition for the 



25 



WO 2004/003150 



PCT/US2003/020147 



treatment of neoplastic disorders, in particular of disorders related to tumor (cell) 
migration, metastasis and/or tumor invasion. Furthermore, it is envisaged that RGM 
inhibits undesired neovascularisation. Said neovascularisation, as an angiogenic 
disorder during neoplastic events, should be prevented in order to limit, inter aha, 
tumor growth. 

Growth cones of neurons and (invasive) tumor cells secrete a cocktail of proteases 
(uPA, tPA, MNPs, etc.) in order to degrade extracellular matrix. Furthermore, similar 
mechanisms for adhesion and (cell) migration are employed by these cellular systems. 
RGM and/or its functional fragments may be employed to actively stimulate 
withdrawal of lamellipodia of tumor cells and/or to induce their collapse. 

In addition the invention provides for the use of a RGM polypeptide as defined herein 
or of a functional fragment or derivative thereof or of a polynucleotide encoding said 
polypeptide or fragment or derivative for the preparation of a pharmaceutical 
composition for preventing, alleviating or treating diseases or conditions associated 
with the activity of autoreactive immune cells or with overactive inflammatory cells. 

Most preferably these cells are T-cells. 

In yet another embodiment, the invention provides for the use of a the RGM 
polypeptide h or of a functional fragment or derivative thereof or of a polynucleotide 
encoding said polypeptide or fragment or derivative for the preparation of a 
pharmaceutical composition for the treatment of inflammation processes and/or 
allergies, for wound healing or for the suppression/alleviation of scar formation. Scar 
tissue is formed by invading cells, most importantly by fibroblasts and/or glial cells. 
Migration and adhesion of these cells are required to get to the lesion side. RGM or 
an active fragment/derivative could prevent accumulation of these cells in the lesion 
side, thereby preventing or slowing down scar formation. In inflammatory reactions 
cells migrate to the inflamed region and RGM or its active fragment/derivative 
prevent or reduce migration of these cells to the side of inflammation, thereby 
preventing overactive inflammatory reactions. 

In context of the present invention, the term '^pharmaceutical composition" also 
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comprises optionally further comprising an acceptable carrier and/or diluent and/or 
excipient. The pharmaceutical composition of the present invention may be 
particularly useful in preventing and/or treating pathological disorders in vertebrates, 
like humans. Said pathological disorders comprise, but are not limited to, 
neurological, neurodegenerative and/or neoplastic disorders as well as disorders 
associated with seizures, e. g. epilepsy. These disorders comprise, inter aha, 
Alzheimer's disease, Parkinson's disease, amyotrophic lateral sclerosis (FALS/SALS), 
ischemia, stroke, epilepsy, AIDS dementia and cancer. 

The pharmaceutical composition may also be used for prophylactic purposes. 

Examples of suitable pharmaceutical carriers are well known in the art and include 
phosphate buffered saline solutions, water, emulsions, such as oil/water emulsions, 
various types of wetting agents, sterile solutions etc. Compositions comprising such 
carriers can be formulated by well known conventional methods. These 
pharmaceutical compositions can be administered to the subject at a suitable dose. 

Administration of the suitable compositions may be effected by different ways, e. g., 
by intravenous, intraperitoneal, subcutaneous, intramuscular, topical, intradermal, 
intranasal or intrabronchial administration. However, it is also envisaged that the 
pharmaceutical compositions are directly applied to the nervous tissue. The dosage 
regimen will be determined by the attending physician and clinical factors. As is well 
known in the medical arts, dosages for any one patient depends upon many factors, 
including the patients size, body surface area, general health, age, sex, the particular 
compound to be administered, time and route of administration, and other drugs being 
administered concurrently. Pharmaceutical active matter may be present preferably, 
inter alia, in amounts between 1 ng and 1000 mg per dose, more preferably in 
amounts of 1 ng to 100 mg however, doses below or above this exemplary range are 
envisioned, especially considering the aforementioned factors. If the regimen is a 
continuous infusion, it should also be in the range of 1 ug to 10 mg units per kilogram 
of body weight per minute, respectively. Progress can be monitored by periodic 
assessment. The compositions of the invention may be administered locally or 
systemically. Administration will generally be parenterally, e. g., intravenously. The 
compositions of the invention may also be administered directly to the target site, e. 
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g., by biolistic delivery to an internal or external target site or by catheter to a site in 
an artery. Preparations for parenteral administration include sterile aqueous or non- 
aqueous solutions, suspensions, and emulsions. Examples of non-aqueous solvents 
are propylene glycol, polyethylene glycol, vegetable oils such as olive oil, and 
injectable organic esters such as ethyl oleate. Aqueous carriers include water, 
alcoholic/aqueous solutions, emulsions or suspensions, including saline and buffered 
media. Parenteral vehicles include sodium chloride solution, Ringer's dextrose, 
dextrose and sodium chloride, lactated Ringer's, or fixed oils. Intravenous vehicles 
include fluid and nutrient replenishers, electrolyte replenishes (such as those based 
on Ringer's dextrose), and the like. Preservatives and other additives may also be 
present such as, for example, antimicrobials, anti-oxidants, chelating agents, and inert 
gases and the like. Furthermore, the pharmaceutical composition of the invention 
may comprise further agents, depending on the intended use of the pharmaceutical 
composition. Such agents may be drugs acting on the central nervous system as well 
as on small, unmyelinated sensory nerve terminals (like in the skin), neurons of the 
peripheral nervous system of the digestive tract., etc. 

It is also understood that the pharmaceutical composition as defined herein may 
comprise nucleic acid molecules encoding RGM and Neogenin (and/or functional 
fragments or derivatives thereof) or corresponding RGM and Neogenin inhibitors as 
defined herein. As mentioned herein-above, said inhibitors comprise, but are not 
limited to, antibodies, aptamer, RGM-interacting peptides as well as inhibitors 
interacting with the RGM-encoding polynucleotides. 

Accordingly, the present invention also provides for a method of treating, preventing 
and/or alleviating pathological disorders and conditions as defined herein, whereby 
said method comprises administering to a subject in need of such a treatment a 
pharmaceutical composition/medicament as defined herein. Preferably, said subject is 
a human. 

The nucleic acid molecules may be particularly useful in gene therapy approaches and 
may comprise DNA, RNA as well as PNA. Said nucleic acid molecules may be 
comprised in suitable vectors, either inter alia, gene expression vectors. Such a vector 
may be, e. g., a plasmid, cosmid, virus, bacteriophage or another vector used e. g. 
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conventionally in genetic engineering, and may comprise further genes such as 
marker genes which allow for the selection of said vector in a suitable host cell and 
under suitable conditions. 

Furthermore, the vectors may, in addition to the nucleic acid sequences encoding 
RGM and Neogenin or the corresponding inhibitors, comprise expression control 
elements, allowing proper expression of the coding regions in suitable host cells or 
tissues. 

Such control elements are known to the artisan and may include a promoter, 
translation initiation codon, translation and insertion site for introducing an insert into 
the vector. Preferably, the nucleic acid molecule of the invention is operatively linked 
to said expression control sequences allowing expression in (eukaryotic) cells. 
Particularly preferred are in this context control sequences which allow for correct 
expression in neuronal cells and/or cells derivecLfrom nervous tissue. 

Control elements ensuring expression in eukaryotic cells are well known to those 
skilled in the art, As mentioned above, they usually comprise regulatory sequences 
ensuring initiation of transcription and optionally poly-A signals ensuring termination 
of transcription and stabilization of the transcript. Additional regulatory elements 
may include transcriptional as well as translational enhancers, and/or naturally- 
associated or heterologous promoter regions. Possible regulatory elements permitting 
expression in for example mammalian host cells comprise the CMV-HSV thymidine 
kinase promoter, SV40, RSV-promoter (Rous sarcoma virus), human elongation 
factor la-promoter, CMV enhancer, CaM-kinase promoter or SV40-enhancer. For 
the expression for example in nervous tissue and/or cells derived therefrom, several 
regulatory sequences are well known in the art, like the minimal promoter sequence of 
human neurofilament L (Charron, J. Biol. Chem 270 (1995), 25739-25745). Beside 
elements which are responsible for the initiation of transcription such regulatory 
elements may also comprise transcription termination signals, such as SV40-poly-A 
site or the tk-poly-A site, downstream of the polynucleotide. In this context, suitable 
expression vectors are known in the art such as Okayama-Berg cDNA expression 
vector pcDVl (Pharmacia), pRc/CMV, pcDNAl, pcDNA3 (In-Vitrogene, as used, 
inter alia in the appended examples), pSPORTl (GDSCO BRL) or pGEMHE 
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(Promega). Beside the nucleic acid molecules defined herein, the vector may further 
comprise nucleic acid sequences encoding for secretion signals. Such sequences are 
well known to the person skilled in the art. Furthermore, depending on the expression 
system used leader sequences capable of directing the protein/ (poly) peptide to a 
cellular compartment may be added to the coding sequence of the nucleic acid 
molecules of the invention and are well known in the art. The leader sequence (s) is 
(are) assembled in appropriate phase with translation, initiation and termination 
sequences, and preferably, a leader sequence capable of directing secretion of 
translated protein, or a part thereof. 

As mentioned herein above, said vector may also be, besides an expression vector, a 
gene transfer and/or gene targeting vector. Gene therapy, which is based on 
introducing therapeutic genes into cells by ex-vivd or in-vivo techniques is one of the 
most important applications of gene transfer. Suitable vectors, vector systems and 
methods for in-vitro or in-vivo gene therapy are described in the literature and are 
known to the person skilled in the art; see, e. g., Giordano, Nature Medicine 2 (1996), 
534-539; Schaper, Circ. Res. 79 (1996), 911-919; Anderson, Science 256 (1992), 808- 
813, Isner, Lancet 348 (1996), 370-374; Muhlhauser, Circ. Res. 77 (1995), 1077- 
1086; Wang, Nature Medicine 2 (1996), 714-716; WO 94/29469; WO 97/00957, 
Schaper, Current Opinion in Biotechnology 7 (1996), 635-640 Verma, Nature 389 
(1997), 239-242 WO 94/29469, WO 97/00957, US 5,580,859, US 589,66 or US 
4,394,448 and references cited therein. 

In particular, said vectors and/or gene delivery systems are also described in gene 
therapy approaches in neurological tissue/cells (see, inter alia Blomer, J. Virology 71 
(1997) 6641-6649) or in the hypothalamus (see, inter aha, Geddes, Front 
Neuroendocrinol. 20 (1999), 296-316 or Geddes, Nat. Med. 3 (1997), 1402-1404). 

Further suitable gene therapy constructs for use in neurological cells/tissues are 
known in the art, for example in Meier (1999), J. Neuropathol. Exp. Neurol. 
58,10991 1 10. The nucleic acid molecules and vectors of the invention may be 
designed for direct introduction or for introduction via liposomes, viral vectors (e. g. 
adenoviral, retroviral), electroporation, ballistic (e. g. gene gun) or other delivery 
systems into the cell. Additionally, a baculoviral system can be used as eukaryotic 
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expression system for the nucleic acid molecules described herein. 

The terms "treatment", ''treating" and the like are used herein to generally mean 
obtaining a desired pharmacological and/or physiological effect. The effect may be 
prophylactic in terms of completely or partially preventing a disease or symptom 
thereof and/or may be therapeutic in terms of partially or completely curing a disease 
and/or adverse effect attributed to the disease. The term "treatment" as used herein 
covers any treatment of a disease in a mammal, particularly a human, and includes: 
(a) preventing the disease from occurring in a subject which may be predisposed to 
the disease but has not yet been diagnosed as having it; (b) inhibiting the disease, i. e. 
arresting its development; or (c) relieving the disease, i. e. causing regression of the 
disease. 

In yet another embodiment, the present invention provides for the use of a RGM or 
Neogenin polypeptide or of a functional fragment or derivative thereof or of a 
polynucleotide encoding said polypeptide or fragment or derivative as a marker of 
stem cells. Since it is envisaged that stem cells as well as their undifferentiated 
progenitor cells express RGM and Neogenin, RGM and Neogenin (and/or functional 
fragments or derivatives thereof) may be employed to influence the 
differentiation/differentiation pattern of said stem cells. 

It is furthermore envisaged that antibodies directed against RGM or Neogenin or 
functional fragment(s)/derivative(s) thereof may be employed to influence the 
differentiation of (neuronal) stem cells and (neuronal) progenitor cells. It is 
particularly preferred that said antibodies (as well as other RGM-inhibitors and/or 
RGM-binding molecules) be employed to selectively label stem cells. Therefore 
these reagents may be employed as markers for stem cells. It is also envisaged that 
peptides or derivatives be employed in said purpose. 

In a particularly preferred embodiment of the present invention, the polypeptide 
and/or fragment thereof which comprises or has an RGM amino acid sequence to be 
used in accordance with their invention is a soluble, i. e. not membrane bound 
molecule. 
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As shown in Davis (1994), Science 266,816-819, ephrins, in particular A-ephrins, are 
not active in soluble, monomelic form. In contrast, soluble RGMs are active and may 
function without any membrane-attachment. RGM, in contrast to ephrins, is capable 
of self-formation of dimers and/or of the formation of higher aggregates. The 
invention also provides for the use of a RGM molecule or functional fragment or 
derivative thereof or of a polynucleotide encoding said polypeptide or a fragment or a 
derivative for the preparation of a pharmaceutical composition for alleviating, 
preventing and/or treating homeostatic and/or bleeding disorders and/or vascular 
damage. 

It is envisaged, without being bound by theory, that RGMs may, due to their structural 
homology to von-Willebrand factor (vWF), be employed in the treatment of said 
disorders/diseases. Furthermore, it is envisaged that RGM may interact with von 
Willebrand factor and that said molecule, thereby, influences the activity of vWF. 

Furthermore, the inhibitors as defined herein should be employed in disorders where 
immune cells invade the brain, like multiple sclerosis, encephalomyelitis disseminata. 

The present invention also provides for the use of an antibody or a fragment or a 
derivative thereof, or an aptamer, or a binding molecule capable of interacting with a 
polypeptide having or comprising the RGM or Neogenin amino acid sequence or with 
functional fragment or derivative thereof or of a nucleic acid molecule capable of 
interacting with a polynucleotide encoding said polypeptide or a fragment thereof for 
the preparation of a diagnostic composition for detecting neurological and/or 
neurodegenerative disorders or dispositions thereto. 

The diagnostic composition may be used, inter alia, for methods for determining the 
expression of the nucleic acids encoding RGM and Neogenin polypeptides by 
detecting, inter alia, the presence of the corresponding mRNA which comprises 
isolation of RNA from a cell, contacting the RNA so obtained with a nucleic acid 
probe as described above under hybridizing conditions, and detecting the presence of 
mRNAs hybridized to the probe. 

Furthermore, corresponding mutations and/or alterations may be detected. 
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Furthermore, RGM and Neogenin (poly) peptides can be detected with methods 
known in the art, which comprise, inter alia, immunological methods, like, ELIS A or 
Western blotting. 

The diagnostic composition of the invention may be useful, inter alia, in detecting the 
prevalence, the onset or the progress of a disease related to the aberrant expression of 
a RGM or Neogenin polypeptide. Accordingly, the diagnostic composition of the 
invention may be used, inter alia, for assessing the prevalence, the onset and/or the 
disease status of neurological, neurodegenerative and/or inflammatory disorders, as 
defined herein above. It is also contemplated that anti-RGM or anti-Neogenin 
antibodies, aptamers etc. and compositions comprising such antibodies, aptamers, etc. 
may be useful in discriminating the stage(s) of a disease. 

The diagnostic composition optionally comprises suitable means for detection. The 
nucleic acid molecule(s), vector(s), antibody(ies), (poly)peptide(s), described above 
are, for example, suitable for use in immunoassays in which they can be utilized in 
liquid phase or bound to a solid phase carrier. Examples of well-known carriers 
include glass, polystyrene, polyvinyl chloride, polypropylene, polyethylene, 
polycarbonate, dextran, nylon, amyloses, natural, and modified celluloses, 
polyacrylamides, agaroses, and magnetite. The nature of the earner can be either 
soluble or insoluble for the purposes of the invention. 

Solid phase carriers are known to those in the art and may comprise polystyrene 
beads, latex beads, magnetic beads, colloid metal particles, glass and/or silicon chips 
and surfaces, nitrocellulose strips, membranes, sheets, duracytes and the walls of 
wells of a reaction tray, plastic tubes or other test tubes. Suitable methods of 
immobilizing nucleic acid molecule(s), vector(s), host(s), antibody(ies), 
(poly)peptide(s), fusion protein(s) etc. on solid phases include but are not limited to 
ionic, hydrophobic, covalent interactions and the like. Examples of immunoassays 
which can utilize said compounds of the invention are competitive and non- 
competitive immunoassays in either a direct or indirect format. Commonly used 
detection assays can comprise radioisotopic or non-radioisotopic methods. 
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Examples of such immunoassays are the radioimmunoassay (RIA), the sandwich 
(immunometric assay) and the Northern or Southern blot assay. Furthermore, these 
detection methods comprise, inter alia, IRMA (Immune Radioimmunometric Assay), 
ELA (Enzyme Immuno Assay), ELIS A (Enzyme Linked Tmmuno Assay), FIA 
(Fluorescent immune Assay), and CLIA (Chemioluminescent Immune Assay). 

Furthermore, the diagnostic compounds of the present invention may be are employed 
in techniques like FRET (Fluorescence Resonance Energy Transfer) assays. 

The nucleic acid sequences encoding RGMs of other species as well as variants of 
RGMs are easily deducible from the information provided herein. These nucleic acid 
sequences are particularly useful, as pointed out herein above, in medical and/or 
diagnostic setting, but they also provide for important research tools. These tools may 
be employed, inter aha, for the generation of transgenic animals which overexpress or 
suppress RGMs or wherein the RGM gene is silenced and/or deleted. Furthermore, 
said sequences may be employed to detect and/or elucidate RGM interaction partners 
and/or molecules binding to and/or interfering with RGMs. The same holds true for 
nucleic acid sequences encoding Neogenin. 

All publications and patent applications cited in this specification are herein 
incorporated by reference as if each individual publication or patent application were 
specifically and individually indicated to be incorporated by reference. Although the 
foregoing invention has been described in some detail by way of illustration and 
example for purposes of clarity of understanding, it will be readily apparent to those 
of ordinary skill in the art in light of the teachings of this invention that certain 
changes and modifications may be made thereto without departing from the spirit or 
scope of the appended claims. 

The following Examples are offered by way of illustration and not by way of 
limitation: 
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EXAMPLES 



Example 1 

An expression vector containing a vector-derived signal sequence, the chick RGM 

sequence from aa 28 to 403 fused to AP and a Myc His tag was constructed. This 

plasmid was stably transfected into HEK293 cells and secreted RGM-AP protein was 

purified on a Ni-containing resin. Quantitative binding assays to transfected COS-7 

cells were conducted as described for Nogo-AP binding 13 . To isolate a cDNA 

encoding a chick RGM-AP binding protein, a mouse adult brain cDNA library 

(Origene) was screened with 10 nM RGM-AP, as described previously for Nogo-66- 

AP 13 . Mouse RGM-l-AP (Accession number BC023870) and RGM-2-AP 

(AK080819) were prepared by identical methods as for chick RGM-AP. Mouse 

RGM-3 is encoded by BC022603. The mouse UncSHl and Unc5H3 expression 

plasmids were derived from EST clones (BI8 18609 and BI769500) and the pCMV- 

SPORT6 vector. Truncated versions of chick Neogenin-1 were expressed using the 

pcDNA3.1-MycHis vector. The soluble ectodomain protein contains aa residues 1- 

1027 of chick Neogenin-1, the ecto+TM protein contains residues 1-1115 and the 

6xFNIH+TM protein contains aa 400-1 115. A rabbit anti-mouse neogenin-1 antibody 

was emploed for immunoblots (Santa Cruz Biotechnology, Inc.). 

Chick retinal axons and tectal membranes were prepared for stripe assays as 
described 10,11 . Soluble ectodomain of chick Neogenin-1 (1-1027) was expressed with 
a carboxyl MycHis tag as a secreted protein in HEK293 cells and purified on a Ni 
containing resin. Dialyzed protein was added to the stripe assay cultures. 
Recombinant RGM-AP-MycHis and ephrinA2-Fc or ephrinA5-Fc stripes were 
prepared using an initial coating of poly-L-lysine coated coverslips with anti-Myc 
antibody or anti-Human IgG antibody as described for other proteins 10,11,14 . 
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Example 2 

Ligand Screening of Transfected COS cells. 
I. Prepare the Ligand 

Expression Construct: cDNA encoding the targeted RGM is tagged with the Fc~ 
portion of human IgG and subcloned into a 293 expression vector (pCEP4: In 
Vitrogen). 

Transfection: 293 EBNA cells are transfected (CaPO.sub.4 method) with the RGM 
expression construct. After 24 h recovery, transfected cells are selected with G418 
(geneticin, 250 ug/ml, Gibco) and hygromycin (200 ug/ml). Once the selection 
process is complete, cells are maintained in Dulbecco's Modified Eagles medium 
(DME)/1 0% FCS under selection. 

Preparation of Conditioned Medium: Serum-containing media is replaced with 
Optimem with glutamax-1 (Gibco) and 300 ng/ml heparin (Sigma), and the cells are 
conditioned for 3 days. The media is collected and spun at 3,000.times.g for 10 
minutes. The supernatant is filtered (0.45 um) and stored with 0.1% azide at 4.degree. 
C. for no more than 2 weeks. 

n. Prepare Truncated Receptor (Positive Control) 

Expression Construct: cDNA encoding a corresponding Neogenin deletion mutant 
comprising the extracellular domain (truncated immediately N-terminal to the 
transmembrane region) is subcloned into a 293 expression vector (pCEP4: In 
Vitrogen). 

Transfection: 293 EBNA cells are transfected (CaPO.sub.4 method) with the receptor 
mutant expression construct. After 24 h recovery, transfected cells are selected with 
G418 (geneticin, 250 ug/ml, Gibco) and hygromycin (200 ug/ml). Once the selection 
process is complete, cells are maintained in Dulbecco's Modified Eagles medium 
(DME)/10% FCS under selection. 

Preparation of Conditioned Medium: Serum-containing media is replaced with 
Optimem with glutamax-1 (Gibco) and 300 ng/ml heparin (Sigma), and the cells are 
conditioned for 3 days. The media is collected and spun at 3,000.times.g for 10 
minutes. The supernatant is filtered (0.45 um) and stored with 0.1% azide at 4.degree. 
C. for no more than 2 weeks. 
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m. Transfect COS Cells 

Seed COS cells (250,000) on 35 mm dishes in 2 ml DME/10% FCS. 18-24 h later, 
dilute 1 ug of netrin receptor-encoding DNA (cDNA cloned into pMT21 expression 
vector) into 200 ul serum-free media and add 6 ul of Lipofectamine (Gibco). Incubate 
this solution at room temperature for 15-45 min. 

Wash the cells 2X with PBS. Add 800 ul serum-free media to the tube containing the 
lipid-DNA complexes. Overlay this solution onto the washed cells. 
Incubate for 6 h. Stop the reaction by adding 1 ml DMA/20% FCS. Refeed cells. 
Assay cells 12 hr later. 

IV. Ligand Binding Assay 

Wash plates of transfected COS cells IX with cold PBS (plus Ca/Mg)/1% goat serum. 

Add 1 ml conditioned media neat and incubate 90 min at room temp. 

Wash plates 3X with PBS (plus Ca/Mg). On the 4th wash, add 1 ml 50% methanol to 

1 ml PBS. Then add 1 ml methanol. Evacuate and add 1 ml methanol. 

Wash IX with PBS. Wash IX PBS/1% goat serum. 

Add secondary antibody (l-to-2,000 anti-human Fc conjugated to alkaline 
phosphatase (Jackson Lab)) in PBS/1% goat serum. Incubate 30-40 min room temp. 
Wash 3X with PBS. Wash IX alkaline phosphatase buffer (100 mM Tris-Cl, pH 9.5, 
100 mM NaCl, 5 mM MgCl). Prepare alkaline phosphatase reagents: 4.5 ul/ml NBT 
and 3.5 ul/ml BCIP (Gibco) in alkaline phosphatase buffer. 

Incubate 10-30 min, quench with 20 mM EDTA in PBS. Cells that have bound RGM 
are visible by the presence of a dark purple reaction product. 

In parallel incubations, positive controls are provided by titrating RGM binding with 
serial dilutions of the mutant receptor conditioned medium. 

V. Results: Binding of RGM to Neogenin 

Cell expressing mammalian RGM were shown to bind Neogenin. No reactivity was 
observed with control COS cells or with receptor-expressing COS cells in the 
presence of the secondary antibody but in the absence of the RGM-Fc fusion. 
Binding was observed to receptor-expression cells using a construct in which RGM is 
fused directly to alkaline phosphatase, for which a secondary antibody is not required. 
Neogenin deletion mutants titrate the RGM-receptor binding, serving as a positive 
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Example 3 

Comparison of axonal guidance phenotypes in Neogenin, DCC, Netrin, and RGM null 
mice. 

In order to assess the functional role of the RGM/Neogenin system in neurological 
outcome after brain or spinal cord injury, studies in mice with targeted gene deletions 
are studied. These mice are created using mouse Embryonic Stem (ES) cells selected 
to contain disruptions of the endogenous genes of interest. The ES cells with gene 
disruptions is injected into mouse blastocysts to derive chimeric animals and then the 
targeted mutation are bred to homozygosity. In mice lacking Neogenin or RGM1 or 
RGM2 or RGM3 functional protein, various mouse models for human neurological 
disease are studied. For example, middle cerebral artery occlusion (MCAO) is 
created in mice using an intraluminal thread by standard methods. This MCAO 
produces a stroke in the brain and functional deficits in behavior. The recovery of 
mice from such injury in wild type and gene targeted lines is compared. The 
RGM/Neogenin interaction limits recovery from injury. Parallel studies of brain 
trauma and spinal cord traums are also made with mice lacking Neogenin or RGM1 or 
RGM2 or RGM3 function. Brain trauma is created by fluid percussion and spinal 
cord injury is created by either transection or by contusion. Improved recovery of 
mouse behavior after these traumatic lesions demonstrates the role of the 
RGM/Neogenin interaction in limiting recovery from CNS damage. Agents 
demonstrated to be inhibitory to the RGM/Neogenin interaction similarly improve 
recovery in wild-type mice exposed to brain trauma/spinal cord injury etc. 
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